A right aortic arch with an isolated left innominate artery from the left patent ductus arteriosus is a rare arch anomaly, and establishing continuity between the innominate artery and aorta can be challenging. We describe repair of this lesion in a threeweek-old male using an autologous pedicle flap of ascending aorta as well as a homograft patch as the roof to recreate continuity between the aorta and left innominate artery.
Introduction
A limited number of patients with a right aortic arch and an isolated left innominate artery (IA) have been described. [1] [2] [3] [4] [5] [6] [7] [8] [9] Establishment of a connection between the aorta and IA is important to preserve normal cerebral and left arm blood flow, ensure normal left arm growth, and avoid neurological symptoms from subclavian steal. Creating continuity between the IA and aorta can be challenging when there is significant distance between the two vessels. We highlight the effective use of a pedicle flap of ascending aorta as the back wall and a homograft patch anteriorly to create continuity between the aorta and left IA in a patient with right arch and isolated left IA with significant distance (>2 cm) between the two structures.
Case
A three-week-old male with CHARGE syndrome underwent cardiac catheterization to evaluate persistently elevated pulmonary artery pressures. Echocardiogram showed a moderate secundum atrial septal defect (ASD), a right aortic arch with unclear branching pattern, and right-sided patent ductus arteriosus (PDA) from aortic isthmus to proximal right pulmonary artery. At catheterization, the patient was found to have a right aortic arch with a large right-sided PDA and an isolated IA arising from a small left-sided PDA. Pulmonary artery pressures were near systemic due to large right-sided PDA. Magnetic resonance imaging of head and neck confirmed the anatomy and showed the circle of Willis to be intact (Figure 1) .
At four weeks and 3.2 kg, the patient underwent ASD closure, bilateral PDA ligation, and division of left IA from left PDA and its reconstitution to ascending aorta. Cardiopulmonary bypass was established by cannulating the main pulmonary artery for arterial access while snaring both branch pulmonary arteries, and venous drainage was established via right atrial cannulation. We were able to establish flow to the left IA through the left PDA and the aorta through the right PDA. The ascending aorta, the cervical branches, bilateral ducti, and the left innominate IA were extensively mobilized. A cross clamp was applied to the distal ascending aorta proximal to the right PDA's entrance into the distal arch, and cardioplegia was given into the aortic root. An anterior and lateral flap of the ascending aorta was created with the pedicle located at the proximal left lateral aspect of the right arch pointing toward the left IA. The leading edge of this 6-mm flap started just above the sinotubular junction and extended to the base of the right common carotid artery. The left carotid and subclavian arteries were snared and the left PDA was ligated, divided, and all ductal tissues were excised, leaving nearly 2.5 cm between the arch and the left IA. The pedicle autologous aortic flap was anastomosed to the base of the left IA, creating the back wall, while a homograft patch anteriorly allowed reconstitution of the left IA to the aortic arch. Once the left IA was reconstructed and deaired, the cross clamp was released from distal ascending aorta and moved proximal to the reconstructed left IA on the aorta and a repeat dose of cardioplegia was administered. The arterial cannula was repositioned to the distal ascending aorta and the right PDA was ligated. For the intracardiac repair, bicaval venous cannulation was established and the ASD was closed with an autologous pericardial patch (Figure 2) .
The patient did well and was extubated on postoperative day two. He developed left vocal cord paresis and had a prolonged postoperative course related to feeding issues and ultimately required gastrostomy tube prior to discharge. At one-year follow-up catheterization, the aortic arch and the reconstituted IA appear widely patent (Figure 3 ).
Discussion
A right aortic arch with isolated IA is a rare cardiovascular anomaly. [1] [2] [3] [4] [5] [6] [7] [8] [9] The embryologic double arch of Edwards accounts for the formation of this abnormality. 10 Interruption occurs in the left arch distal to the left PDA and also proximal to the left common carotid artery. 6, 10 Clinically, patients may exhibit neurologic manifestations from subclavian steal as the left carotid and subclavian arteries are supplied by retrograde flow via the left vertebral. 1, 5, 7 Left arm hypotension can be seen and, in patients with patent left ductus, left arm hypoxemia may also be evident. Our patient was a neonate with a large, unrestrictive right PDA leading to systemic pulmonary artery pressure and relatively normal pressure in left arm in setting of patent left duct. Significant left-to-right shunting was present in the setting of a large ASD and a large right PDA; thus, pulmonary artery saturations were near aortic, thus masking any left arm hypoxemia. Also, our patient had CHARGE syndrome and this anomaly has previously been reported in one patient with Figure 2 . Three drawings (A-C) depicting the surgical repair. A, The flap of ascending aorta tissue (*) is mobilized and will form the back wall of the reconstructed left innominate artery (L Inn). For initiation of cardiopulmonary bypass, the arterial cannula (Art can) is placed in the main pulmonary artery (MPA) using the right patent ductus arteriosus (R PDA) to supply the aorta and the left patent ductus arteriosus (L PDA) to supply the L Inn. The venous cannula (Ven can) is placed in the right atrium. The branch pulmonary arteries are snared. B, The left innominate artery is dissected and the L PDA tissue excised and the flap of ascending aorta tissue is anastomosed to the mobilized left innominate artery (**). C, A homograft patch is used to form the anterior wall of the reconstructed left innominate artery (^). The cross clamp is moved to the ascending aorta (Ao) proximal to the reconstructed L Inn and a repeat dose of cardioplegia is administered in the aortic root. Prior to proceeding with intracardiac atrial septal defect closure, the arterial cannula position is changed from the main pulmonary artery to the distal ascending aorta, the right PDA is ligated and bicaval venous cannulation established. CHARGE syndrome as well as in several patients with chromosome 22q11 deletion. 2, 4, 6, 8 It is very important to establish continuity between the IA and aorta to create normal cerebral and left upper extremity blood flow, to facilitate normal left arm growth, and to prevent subclavian steal. Various surgical strategies to accomplish this have previously been reported. When the IA is in close proximity to the aorta, a primary anastomosis between IA and aorta can be created after division of the left duct.
2,4,6 When significant distance exists between IA and aorta, establishing continuity is challenging. Ductal tissue can be used as part of the reconstruction, but stenosis of the connection could result if the ductal tissue contracts. Ligation of the left PDA has been reported without establishing continuity between aorta and IA; this strategy eliminates diastolic runoff from the innominate into the pulmonary artery but leaves that patient at risk of subclavian steal. 8 Use of a variety of synthetic/nonautologous biological tube graft is another option; however, it is not ideal due to lack of somatic growth.
Another option was to use the anterior surface of the large main pulmonary artery as the back wall of an autologous conduit that connected the base of the left IA to an opening in the right aortic arch. A homograft patch would make the roof of this conduit. However, this option was shelved, as we were able to reconstitute the left IA with a pedicle flap of aorta.
In our patient, significant distance (nearly 2.5 cm) existed between the IA and ascending aorta. We established continuity by creating an autologous flap of ascending aorta from just above the sinotubular junction to the base of the right common carotid artery. This flap served as the "back wall" of the communication between aorta and IA and a homograft patch was utilized as the roof of this connection. The ductal tissue was completely resected. Stenosis is less likely to develop because we eliminated the ductal tissue, and somatic growth should occur given that a large portion of the communication is comprised of native ascending aorta tissue. Also, no ascending aorta stenosis resulted.
In conclusion, a right aortic arch with isolated left IA is a very rare arch anomaly and establishing continuity between aorta and IA offers significant clinical benefit. For patients with significant distance between the two structures, we offer a novel repair strategy.
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